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1DESCRIPTION AND CRITICISM 
OP
TEE THREE-ARCH MASONRY BRIDGE 
ON
THE CLEVELAND, CINCINNATI, CHICAGO, & ST. LOUIS RY.
OVER
BIG CREEK 
NEAR
MARSHALL, ILLINOIS
OBJECT OP THESIS
Thi3 thesis purports to describe, analyze, and c r it ic is e  
the three-arch reinforced concreto bridge bu ilt in 1906 over Big 
Creek, near Marshall, 111,, on The Cairo Division of The Cleve­
land, Cincinnati, Chicago, and St. Louis Ry.—The Big Pour Route. 
The writer, tho he had no hand in the selection  o f  kind of struct­
ure or in its  design, performed a ll  f ie ld  work preliminary and in­
cidental to selection and erection, tho bridge being but one feat­
ure o f  new work on a SO mile territory  over which he was resident 
engineer in charge o f  construction from inception to completion.
aINTRODUCTORY
The bridge discussed is  a part o f  the reconstruction, in 
1905-1907 inclusive, o f  the above named division o f  railway. 200 
miles o f that lin e , from its  northern terminus at Danville, 111., 
south to Hari'isburg, 111., were improved, practica lly  a ll  being 
rebuilt, at a cost o f  approximately 06 000 000. The primary ob­
ject o f  the betterment was to make a light grade road for trans­
portation o f  coal from the Saline County, 111., coal fie ld , the 
greatest west o f  the Alieghanies, with Harrisburg it s  center, to 
the north. To take this coal from Danville to Chicago, the prin­
cipal market, a new railroad, The Danville & Indiana Harbor, since 
reincorporated a3 The Chicago, Indiana, & Southern, was made in 
1905-1906, by The New York Central System, parent o f The Big Pour. 
Further statements herein refer only to the aforesaid 200 miles o f  
The Cairo Division o f The Big Pour, For such improvement, lim it­
ing gradients are 0.3$ for northbound tr a ff ic  o f  3 300 tons train­
load pulled by an E 50 locomotive, and 0.6$ for southbound t r a f f ic  
o f  2 500 tons trainload: southbound trains are composed o f empty 
coal car3 and box cars carrying merchandise that i3 not heavy com­
pared with coal. Curvature is  limited to 2° with a few excep­
tions. Where feasib le , crossing grades o f  this and other r a il­
roads, and o f  th is railroad and public and private driveways, were 
separated. For the greater part, the line is , as it  was, one o f 
single main track, tho the need o f two main tracks is  anticipated 
for the near future, and some parts o f the betterment, where ar-
3rangements for a second main could be provided then at a cost much 
less than would accrue with width added later, were made ready for 
double tracks. This bridge is  so b u ilt . The road, which before 
had been one o f  numerous 1$ and 1.9$ grades, sharp curves, and 60 
lb. ra il on roadbed but partly ballasted and on bridges mostly 
wooden p ile  or frame trestles , with t r a f f ic  limited to light engines 
and 800 ton trains over certain stretches, was bettered to the ex­
tent o f having a ll  bridges made o f concrete and reinforced concrete 
or steel, or cast iron pipe; roadway made o f  required width and 
grade; roadbed fu ll ballasted; and main track la id  with 80 lb . in 
place o f  60 lb , ra il . Work done consisted o f  60 miles o f cu t-o ffs  
or relocated lines, 10 in number, varying from 2 to 10 miles in 
length, and departing, at places, l /8  to 1 mile from former a line- 
ment; 60 miles o f  line rebuilt, in sections o f  number and length 
about as the relocations, on existing right-of-way adjacent to that 
formerly held, acquired for the purpose; 80 miles o f road already 
having satisfactory grades and alinement, given wider roadway and 
required ballast section, and new bridges where needed; 200 miles 
o f main track la id  with 80 lb . ra il; more passing and commercial 
sidings; a new block signal systom;many new buildings and other 
fixed structures.
Big Greek Bridge, on a relocated line known as The Marshall 
Relocation, 5.66 miles long, near and thru the c ity  o f Marshall, is  
one o f the most important structures on the entire division. It is ’ 
almost a duplicate o f The Vermilion River Bridge o f  the same line, 
near Danville, that structure being made in 1905, somewhat similar 
to The Big Muddy River Bridge o f The I l l in o is  Central R. R., near
Carbondale, 111.., built in 1903. The Big Creek job, however, has 
eome improvements over the two others named, particularly in pro­
visions for drainage and expansion. This new bridge replaces a 
wooden Howe truss that served for the old track.
Further discussion w ill be carried on under the heads:
I. CONDITIONS GOVERNING CHOICE OF KIND OF STRUCTURE.
II. DESCRIPTION OF BRIDGE AND ADJUNCTS.*
III. DESCRIPTION AND RECORD OF CONSTRUCTION.
IV* QUANTITIES OF BUILDING MATERIALS AND COST OF JOB.
V. ANALYSIS OF THE 100 FT. ARCH.
VI, CRITICISM OF DESIGN AND CONSTRUCTION.
5I. CONDITIONS GOVERNING CHOICE OP KIND OP STRUCTURE
EXHIBIT NO. 1, o f  accompanying plans, a plat showing the 
old line near Marshall and The Marshall Relocation, and EXHIBIT 
NO. 2, the p ro file  o f  the new roadway, render plain, along with 
solutions o f  other problems o f  the whole loca l relocation, the re­
quirements for a new bridge over Big Creek. Under one scheme, 
that o f a grade crossing with The Vandalia R. R ., on nearly this 
same changed alinement, excavation would have been insufficient to 
make the Big Creek f i l l .  For this scheme, the bridge favored wa3 
a deck steel viaduct from the 3outh b lu ff to such point as the em­
bankment might be built from the north—-about the north top edge 
o f the ravine, more ex p lic itly  the point o f  tangsncy to the curve 
from the north. For the adopted p ro file , having an undergrade 
crossing with The Vandalia, excavation exceeded embankment to a 
great amount o f waste. This fact determined the selection o f  a 
masonry arch bridge, rather than a steel viaduct whose economy un­
der the masonry structure would but l i t t l e  more than compensate 
for the extra cost o f  wasting excavated material o f f  the general 
alinement o f  roadway, and because the solid  and enduring embank­
ment and masonry are much to be preferred to any alternative sup­
port for track.
On tho matter o f style o f arch or arches, as considered be­
tween a single arch for waterway, with wing walls to retain embank­
ments, and three arches, the central one alone for waterway, the
6others as spans from toes to heads o f embankments, the la tter  style 
was chosen for the reason that it would be as economical as the for­
mer, and would lend much greater architectural beauty, because the 
skew o f  the stream crossing and the topography o f the south b lu ff 
would necessitate wings, i f  such were b u ilt , on angles and slopes 
that would mar the appearance o f  a bridge o f  the former kind* Then 
small spandrel arches, for a considerable hight, were adopted rath­
er than solid  parapets for fu ll hight, for similar reasons o f  near­
ly  equal cost and handsomer appearance.
7II. DESCRIPTION OP BRIDGE AND ADJUNCTS
GENERAL
B^ ig Creek Bridge is part o f  some 60 000 cu, yd. o f  masonry, 
with necessary adjuncts, over about half the length o f  improved 
lin e , built under contract, by The C ollier Bridge Co., o f  Indiana­
p o lis .
EXHIBIT NO. 5 is a general plan o f  the structure. EXHIBIT 
NO. 4 is a detail o f  the reinforcing system. EXHIBIT NO. 35 is a 
plan o f slope walls built up to high water elevation around toes of 
embankments to protect the la tter against wash and undermining. 
False work and construction appurtenances not a part o f the perma­
nent bridge were not designed by the railway company engineers, but 
were le ft  to the discretion o f the contractor, with certain things, 
as arch centering, subject to approval by the said engineers.
PARTICULAR
FOUNDATIONS
EXHIBIT NO. 6 is  the resident engineer's working layout o f 
footing lines and neat lines above footings and final record o f 
foundat ions.
8COFFERDAMS
Foundation cofferdams, where employed, that being in a ll  
pita but the one for the south abutment, were made o f  2 in. x 8 in. 
timber sheeting in the shallow pit and 4 in. x 8 in. timber sheet­
ing in the two deep p its , with 8 in. x q in. timber bracing and 
waling o f  the usual shape, a ll  oak.
FORMS
Forms for concrete were made almost entirely o f  2 in. soft 
lumber, mostly pine, some hemlock, in widths from 4 in. to 10 in ., 
braced in various manners and tied  by wire, as commonly done, to 
the satisfaction  o f  the engineers in charge. Lumber on faces later 
to be exposed was very carefully dressed and fitted .
ARCH CENTERS
Centering for arches was made thus; For the south 80 f t .  
arch, framed up with both round and sawed timber, the base resting 
upon the firm ground l i t t l e  dug out beneath the surface. For the 
other two arches, similar framing supported on p iles driven into 
the gravel stream bed and bank so il to virtual refusal under blows 
o f a 2 250 lb . hammer dropping 20 f t . —piles  going 10 to 12 f t .  be­
low surface. EXHIBIT NO. 7 is a photograph illu stra tive  of the 
type o f centering employed,
CONCRETE
EXHIBIT NO. 8 is  a copy o f  the specifications o f  The C.,
0 ., C., & St. L. Ry. for Portland cement and Portland cement concrete.
9CEMENT
The principal brands and approximate amounts o f cement 
here used were: Red Ring, 6 500 b b l., Medusa, 4 500 b b l,,
Lehigh, 2 000 bbl. Tests o f cement were not conducted on 
the job by the f ie ld  engineers, but representative samples 
from each carload received were sent to the o ffice  o f the d i­
vision engineer at Mt. Carmel, for 24 hour and 7 day te3ts, 
a ll  cement being held for satisfactory report from the fir s t  
test before being used. None was rejected.
GRAVEL
Most o f the gravel came from a bank owned and worked by 
the railway company, at West York, 20 miles south o f Big Creek, 
at which both track ballast and concrete gravel were gotten out 
for the whole division. Some came from the Wabash River bed 
and banks at Terre Haute, Ind. Some excavated from founda­
tion p its  was used in making footings. Good gravel could be 
had from a point on the creek bank 200 yd. up stream from the 
bridge s ite , but as the railway company furnished it s  West 
York gravel in cars on the storage bins above, at a charge to 
the contractor o f but 25$ per cu. yd., the la tter found the 
use o f that more economical than the use o f the creek gravel 
obtained free , but handled at greater cost, especially above 
footings. Nearly a ll the gravol was about 70 sand passing 
3/16 in. mesh screens, the balance pebbles in sizes up to 2 
in .,  with 1/4 in . to 1 in. predominating. When needed, sand 
was obtained by screening gravel. Most of the gravol was
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up to requirements for cleanness, but some from the West York 
p it , which had to be stripped o f a so il covering, contained 
so much loam as to be unsuitable for use in concrete, and was 
applied to ballast the material track.
STONE
The greater portion o f stone used was crushed limestone 
furnished by The Big Pour, from quarries at Greencastle, Ind., 
for a charge to the contractor o f 65£ per cu. yd, delivered 
at the bridge s ite . Some 3 000 cu. yd, from limestone in the 
south b lu ff bordering the stream was gotten out and crushed 
right on the job , by the owner o f  the land there, and sold to 
the contractor, but, owing to the excessive cost o f stripping 
the stone o f s o il ,  this proved unprofitable and was abandoned. 
Had the requirements been su fficient to warrant the in sta ll­
ation o f  a bigger mechanical plant for quarrying and crushing, 
this could have been done at a p ro fit .
CONCRETE
According to the general plan, EXHIBIT NO. 3, the classes 
of concrete to be used were, in terns o f  the specifications, 
EXHIBIT NO. 8: —
For footings, Class B, i , e . ,  1 part cement to 9 parts 
gravel.
For arches, Class E, i . o , ,  1 part cement, 3 part3 sand,
4 parts stone.
For a ll other portions o f  bridge, Class D, i . e . ,  1 part
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cement to 6 parts gravel.
The term gravel, as employed in the Big Four specifica ­
tions, refers to such as has a proportion o f  sand to pebbles 
o f 1:2, sand and pebbles being interpreted as per the defin­
itions o f the same specifications for sand and stone. There­
fore, since the gravel here used had about 2 parts sand to 1 
part pebbles, stone was added to the gravel used in Glasses 
B and D concrete to make the equivalents o f  Classes A and 0 
concrete, 1 cement:4 sand:8 stone, and 1 cement:3 sand:6 
3tone, respectively. That is , 1 cement:6 gravel as furnish­
ed: 5 stone, and 1 cement:4£ gravel as furnished:4  ^ stone, e f­
fected the desired result. Dump car and wheelbarrow meas­
urement were allowed.
REINFORCING METAL
Where employed, which is in a ll parts o f  the bridge except 
the footing blocks, reinforcing metal consisted o f  Johnson type 
corrugated square steel bars. Of the 210 000 lb , to ta l, the 
bulk went into the big arches to these approximate amounts:
70 000 lb , in the 100 f t .  arch, 50 000 lb . in each o f  the 80 
f t .  arches. Other parts heavily reinforced were the abutments, 
with 7 000 lb . in the north and 6 000 lb . in the south one, and 
the spandrel masonry, with 25 000 lb . The balance is  in par­
apets.
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III. DESCRIPTION AND RECORD OP CONSTRUCTION
Work was begun on this job before any other problem o f  The 
Marshall Relocation was attacked. Plans were to try to have mason­
ry and grading completed at about the same time, and as soon as 
might be, in order to gain early use o f the improvement, but as the 
grading could not be finished entirely until the bridge were done, 
and as partial grading o f the new road would not aid in the con­
struction o f  the bridge, arrangements for  getting materials to the 
bridge s ite  d irectly  from the old track were adopted. On the gen­
eral plan, EXHIBIT NO. 1, is  shown the material spur by which this 
was done.
The laborers employed on the bridge work proper were:
Common—Austrians and Italians, both accustomed to such work, and 
very e ffic ie n t . Skilled, Mechanics, and a ll  others—Americans.
Early in January, 1906, was begun the making of the atten­
dant layouts for this bridge, a dozen teams and a half dozen lab­
orers hired lo ca lly  being employed by the contractor three weeks 
at grading, a work train and th irty  railway company laborers being 
engaged three days at track laying, and the contractor's force o f 
four carpenters and twenty laborers being kept for the greater part 
o f January at making liv ing  quarters and storage arrangements, and 
at installing mechanical appliances. Toward the close o f that 
month, there was made a start on excavation for bridge foundations, 
f ir s t  confined to the pit for the south abutment, tho not much was
15
accomplished during January,
February found a force of thirty laborers, and a hoisting 
engineer tunning a derrick which handled 2/3 cu» yd. dump buckets 
f i l le d  by hand, engaged at the excavation just started. At the 
end o f  the month, the south abutment p it had been excavated to a 
suitable foundation on sandstone, by the removal o f 1 400 cu. yd. 
o f dry material, 800 o f  which were c la ss ified  as rock. This foot­
ing was carried well into the solid  sandstone base, to avoid the 
risk o f slipping, which might be caused by bank thrust were the a- 
butment founded on the soapstone or loose rock and earth above. 
During the last two weeks of February, another dozen laborers had 
been used with the four carpenters at making further eciuijjment ar­
rangements. Storage had been provided for 300 cu. yd. o f  sand, 
gravel, and stone, in bins below two trestles  whereon were run and 
emptied the cars in which these materials came to the job, mostly 
side pocket dump cars, and for 400 bbl. o f cement, in a rainproof 
shed. One concrete mixing plant, consisting o f a cu. yd. Smith 
machine, with an extensive system o f  receiving hoppers, was set up 
at the southwest corner o f  the south abutment, for use o f  materials 
from this upper storage. Tracks for 2/3 cu. yd. dump car carriage, 
on ground and framed tre s tle , led from storage bins to mixing plant. 
Practically  a ll  materials were handled by gravity from big cars to 
storage and from storage through mixer to the level o f  the spring 
lines o f  the 80 f t .  arches. 2/3 cu. yd. dump car tracks were also 
la id  at that elevation on a system o f trestles leading alongside 
and across a ll  abutment and pier positions. There was also set up
on the low south creek bank a concrete mixing plant for the u t i l i -
..—
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zation, in lower footings, o f  stone previously p iled  there, and 
suitable gravel removed from excavation. This consisted o f a l /2  
cu. yd. McKelvey machine, arranged for wheelbarrow charging and de­
livery.
In March the force o f workmen numbered about eighty, such 
being maintained thereafter during the greater part o f  the time the 
work lasted. It consisted now o f one superintendent, as before, 
one and sometimes two gang foremen, about sixty common laborers, 
twelve to fifteen  carpenters with a head carpenter, two to three en- 
ginemen on hoisting machinery, pumps, p ile  driving, e tc ., two wat- 
erboys, and a timekeeper. Generally about half the laborers were 
used at excavation and cofferdam driving,and half at unloading and 
handling structural materials and concrete, and assisting carpenters 
at putting up or tearing down false work and concrete forms. Con­
creting wa3 begun early in March, the south abutment footing, having 
a volume o f 990 cu. yd., being built during the month. Disagree­
able weather, caving of unsheathed pit walls, and insu fficient sup­
ply o f  stone delayed th is f ir s t  job : only fifteen  working days were 
u tilized  at concreting. March also saw the fu ll  preparation for 
concreting of the south pier footing, by the removal o f 140 cu. yd. 
dry, 120 cu. yd. wet, and 90 cu. yd. rock (also under water) excav­
ation; the placing o f 5 000 Ft. B.M. o f timber in cofferdams; and 
the removal from the pit for the north abutment, o f  755 cu. yd. dry 
and 250 cu. yd. wet excavation. During the last week o f this 
month, fifteen  laborers had been working at nigftt, making the hole 
for the south pier ready to be concreted as soon as the south abut­
ment footing should be done. A ll foundation p its other than that
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for the south abutment required cofferdams. The sobth pier was 
founded upon the same sandstone that gave a base for the south abut­
ment, likewise set into the stone because ofthe steeply inclined 
bedding o f a ll  strata there.
At the end o f  April the south pier and the north abutment 
had been b u ilt, footing and shaft, up to the spring o f  the 80 f t .  
arch. Measured quantities for which payment was made, amounted 
for the month to 200 cu. yd. wet excavation, 10 000 Ft. B.M. timber 
in cofferdams, and 2 150 cu. yd. concrete. Throughout April, about 
one third o f the laborers placed concrete at night.
In May, payable work consisted o f  making the north pier 
footing, quantities being 30 cu. yd. dry and 645 cu. yd, wet ex- 
cavation, 25 000 Ft. B.M. timber in cofferdam, and 650 cu. yd. con­
crete. During the month also there were erected centering and 
barrel forms for the south 80 f t .  arch. The work of excavating
A
for the north pier footing was the most d if f ic u lt  and relatively  
expensive part o f  the entire job, owing to the greater need there 
than elsewhere for a deep footing and a tight cofferdam. Much 
wasted expense o f  pumping was incurred because o f  the contractor's 
failure to employ sheeting tighter than the ordinary single row 4 
in. unlapped oak. Tight tongue and groove 4 in. stu ff, or even 
removable lap steel sheet p ilin g , would have proven more economical. 
Whereas a single 6 in. centrifugal pump had readily handled the 
water from the shallower and less exposed p its for  the south pier 
and north abutment footings, a 6 in. and an 8 in. pump working to­
gether barely kept water low enough in the north pier hole for ex­
cavation to be prosecuted to the desired depth, owing to the great
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influx through open sides, and much delay was experienced in again 
lowering water whenever stoppage of pumps had allowed it  to f i l l  
the p it . That the depth to which digging was carried was desir­
able was a mooted question between engineer and contractor, devel­
oping one of the few disputes that arose on the job. The resident 
engineer had contended from the beginning that the stream bed here, 
fine and medium grained sandy gravel, would be scoured out to a 
great depth by floods which would come after the waterway was so 
much reduced from its  former flood opening, and that footings hav­
ing to rest on this gravel without other protection should go to a 
depth guaranteeing immunity from undermining by such scour. No es­
timate o f  the requisite depth could be arrived at mathematically, 
but examination and study o f nearby ravine sections o f  the stream, 
having area o f flood flow twice as great as would be provided by 
the 100 f t .  opening that would here be le f t ,  where scour had occur- 
ed to a depth o f 6 to 10 f t .  below normal bed, led the engineer to 
conclude that this footing should go lower than 15 f t .  Instructed 
before ordering his materials for cofferdams that a depth o f 17 f t .  
below neat line would be insisted upon, the contractor's general 
division superintendent yet neglected to provide equipment for the 
proper execution o f  such work. Then, when he encountered extreme 
d ifficu lty  in carrying the excavation below a 12 f t .  depth, he ap­
pealed from instructions o f the resident engineer, over the head 
o f the division engineer, to the ch ief engineer o f the railway com- 
j pany, for permission to stop at that point and put in the footing. 
The stand o f the resident engineer being sustained, his orders were 
carried out. That the depth attained is  not unreasonable is  a t-
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tested, by the fact th&t two years after completion o f the job, ex­
cessive floods o f the spring o f  1908 made in that opening a pool 
o f water 14 f t .  deep, its  bottom 3 f t .  above the base o f the p ier, 
and 2 f t .  below the point at which the builder had endeavored to 
stop!
With the passing o f June, the south 80 f t .  arch and the 
100 f t .  arch were made —-2 000 cu. yd. o f  concrete, and forms were 
ready for building up to hight o f main arch crowns the pilasters 
over south abutment and both piers. To handle a ll concrete placed 
above the 80 f t .  arch spring lines, a derrick and new track system 
were brought into play. Tracks were built above arch crowns, with 
supports resting upon arch barrel forms. Concrete passed from 
mixer into buckets, was l i f t e d  by derrick to a hopper above the 
south abutment, there dumped into cars, then pushed to the desired 
spot. To minimize eccentric loading on false work and centering 
the arch barrels were made in successive segments as indicated by 
the numbers on the longitudinal vertica l sections shown in the 
general plan, EXHIBIT NO. 3.
The closing o f July found the last arch t\irned complete, 
the p ilasters over south abutment and both piers brought to hight
o f main arch crowns---- some 2 000 cu. yd. o f  concrete placed in
July, and forms ahead for the six deepest spandrel arch walls and 
the pilaster over the north abutment, to the same hight.
August le ft  with 3 000 cu. yd. o f concrete added, which 
made, complete, p ilasters above the north abutment and both piers 
and a l l  spandrel and parapet work over the north and central main 
arches, also with forms prepared fox the whole o f  the remaining
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spandrel masonry, over the south 80 f t .  arch, and for the p ilaster 
above the south abutment. After the big arches were turned and 
other work was brought to the hight o f their crowns, the car tracks 
were raised to a b it above spandrel masonry top. Concrete going 
higher than that was shoveled by hand from platforms moved conven­
iently  .
On September 11, the bridge proper waa finished, though 
some work was yet to be done in the way o f making wash walla, and 
o f waterproofing surfaces over which rain would co lle ct and be 
drained. 760 cu. yd. o f concrete were added a fter the end o f Au­
gust.
Prom the above named date until October 6, a force o f  sixty 
laborers and 3 ix carpenters was engaged at making the concrete foot­
ings for the four wings, or slope walls, involving 75 cu. yd, dry 
and 810 cu. yd. wet excavation (to a depth o f  10 f t .  below pier 
neat lines in gravel on north side and from 4 to 8 f t .  to reach into 
sandstone on the south side), 19 000 Ft. B.M. timber in cofferdams, 
and 1150 cu. yd. concrete. For this work the McKelvey l /2  cu. yd. 
mixer was again brought into service, on each bank in turn, with 
materials handled by wheelbarrow. Some hand mixing wa3 also re­
sorted to, d irectly  alongside the place o f  deposit. Gravel from 
excavation was used with stone which had been p iled  on the south 
creek bank. This finished the masonry contract work.
Parts o f  the bridge needing such treatment were given a l /2  
i in. coat o f  asphalt as waterproofing. The H. H. Symmea Go,, o f 
| Indianapolis, performed the work by contract, in the f ir s t  week o f 
October. A total area o f  12 764 sq. f t .  was so coated# covering
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the entire floor under the spandrel f i l l in g  and the insides o f the 
parapets—parts from which slow seeping water had to be drained, 
and a 3trip some 3 to 3 f t .  wide along the middle o f the bridge 
over the three big arches and along the six lines of intersection
between big arches and p ilasters---- where water dripping or running
from above had to be led o f f .
With a ll  things ready, the spahdrel f i l l in g  o f  gravel was 
placed. Then, on the slopes o f the partly made header-banks of 
the f i l l ,  there were built up from the concrete bases made for  them, 
wash walls o f heavy rip-rap. The rip-rap was fa ir ly  evenly quar­
ried limestone, in 1/4 to 1 cu. yd. blocks. A steam operated der­
rick rigged up on top o f  the bridge handeld the stone from fla t cars 
there to position below, with a small horse power derrick on the 
ground handling some blocks that went out beyond reach o f  the up­
per machine. This work was done, not on a contract measurement 
basis, but as an extra, paid for by force account rating, The Col­
l ie r  Bridge Co, executing i t  with an average o f  twenty laborers, 
one hoisting engineer and one foreman, in 31 days working time, 
finishing th is, the last act o f building Big Creek Bridge, on No­
vember 34. About 500 cu. yd. o f  rip-rap went into the wail3.
As agents immediately supervising and regulating construc­
tion , the railway company had the follow ing:— -A resident engineer 
whose charge included this ‘job, v isiting  it  at least once daily 
and directing execution, also using his survey corps o f  from three 
to five  men at instrumental work in laying out and controlling e- 
rection, reporting progress at the end o f  each week or oftener to
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a division engineer. One to three inspectors on the job at a ll 
times, the greater number during the period when work was most 
varied and rapid, subordinate to the resident engineer. Of these, 
one served while concrete was placed at night. During daytime, 
one watched the mixing and handling o f concrete, another watched 
form erection, placing of reinforcing metal, etc. Inspectors 
kept close 'daily record o f material on hand, received, and used, 
making written reoprts o f same, on standard printed forms, to res- 
ident, d iv ision , and ch ief engineers. They also made daily re - 
port3 to the 3ame o ffice rs , likewise on standard printed forms, o f  
work during the day, forms ahead, etc. The division engineer 
had at his orders, a work train that did nothing but handle supplies 
to the various masonry jobs over the d ivision : at some periods 
this work train gave daily service to The Big Greek Bridge.
1
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IV. QUANTITIES OP BUILDING MATERIAL AND COST OF JOB
EXCAVATION 1 450 ou. yd. dry @ $0.40 ’ $ 580.00
2 025 " " wet 3 1.35 2 531.25
1 040 " " rock 3 1.50 1 560.00
Total 4 515
TIMBER IN COFFERDAMS 59 000 Ft. B.M. 3 $28.00 per M. 
\
1 652.00
CONCRETE
V
3 000 cu. yd. Class B 3 $4.35 12 750,00
7151 " " Class D 3 $4,75 33 867.25
3 550 " " " E 0 6.35 15 937.50
Total 12 701
REINFORCING METAL 210 000 lb , 3 $0.0135 2 625.00
Placing " " " 3 0 , 0 0 2 5 525.00
RIP-RAP 500 cu. yd. <3 $4,00 2 000.00
ASPHALT WATERPROOFING '12 764 sq. f t .  t  in. thick 3 $0. 10 1 276.40
TOTAL 75 404.40
TRAIN SERVICE, ENGINEERING, OVERHEAD EXPENSE
Estimated @ 10^ 7 540.60
GRAND TOTAL 82 945.00
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V. ANALYSIS OF THE 100 FT. ARCH
EXHIBIT NO. 9 is  an analysis o f  the central waterway span. 
The analysis is  in accordance with methods -  a combination o f  alge  ^
braic and graphic -  outlined by F. E. Tumeaure in "The Principles 
o f Reinforced Concrete". All data used and a ll  results may be 
found d irectly  upon this EXHIBIT NO. 9 and upon the general plan, 
EXHIBIT NO. 3, and the reinforcement deta il, EXHIBIT HO. 4.
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VI. CRITICISM OP DESIGN AND CONSTRUCTION
On the whole, the design and construction o f this bridge 
are both excellent, and l i t t l e  could be said derogatory to or sug­
gestive o f improvement in either. Nothing o f  a novel or extraor­
dinary nature was involved, but the designers, profiting  by the 
outcome o f building the structure a fter which this Big Creek job was 
patterned -  that over the Vermilion River at Danville, wherein sev­
eral faults o f both design and construction were shown -  attained 
better results in the proportioning o f  parts, as main spans, piers, 
abutments, and spandrel work; in provisions for expansion and con­
traction due to changes o f  temperature; and in ornamentation. The 
degree of excellence realized Is attested by the proven s ta b ility  
and handsome appearance o f  the finished structure,
A bridge equally pleasing in appearance could have been 
made with a considerably les3 volume o f masonry by the raising o f 
a ll three o f  the big arches 3orae 10 f t , ,  i . e . ,  by having the spring 
and crowns a ll  10 f t .  higher than they are: this would eliminate 
the spandrel columns, arches, and floor  for  about 30 f t .  each side 
o f  the crown, the parapets going down to main arch axtrados over 
that distance. The consequent increase in volume o f parapets, 
piers,, and abutments would be much less than the decrease in the 
volume o f  spandrel masonry, and a great deal o f  expensive forming 
would be done away with.
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Some adverse criticism  has been leveled at the ornamental 
copings and depressions on p iers, main arches, and parapets. The 
writer, however, contends that the slight extra expense o f forming 
and o f increased volume cannnot be urged with any weight against 
the fine appearance lent by these ornaments. Architectural beauty 
should receive attention in a structure o f  th is character.
The proportioning o f the main arches is  very good. While 
semicircular arches would tend to reduce quantities o f  materials 
in themselves and in piers and abutments by virtue o f smaller d i-  
rect thrusts than obtain with flattened three-centered arches o f 
the type here employed, the greater thrusts and moments due to 
changes o f  temperature would more than counter-balance the apparent 
gain o f  the simpler semicircular design and render i t  less advan­
tageous than the design followed.
The nearness o f failure by underscour of foundations 
is  proof positive o f the desirab ility  o f  a deop footing such as was 
made for  the north pier o f th is bridge. The late failure o f the 
Peoria bridge adds weight to argument for the method used on the 
Big Creek structure, o f  making the footing blocks themselves o f  re­
quisite depth, unless unreasonably costly , rather than build, at 
shallower depth, upon p iles  that may la ter be partly uncovered by 
wash and then no longer bear the load put upon them.
In conclusion it  may be said that this job, and, with it  
the whole six mile improvement o f which it  is  a part, are the be3t 
examples o f the recent work performed upon The Cairo Division o f 
The C., C., C., & St, L.. Hy., and are the jobs o f  which both en­
gineers and contractors concerned therewith are proudest.
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